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ABSTRACT 

COMMUNICATION BY ELECTRICAL STIMULATION 
OF THE SKIN.    J.   ABSOLUTE IDENTIFICATION 

OF STIMULUS INTENSITY LEVEL 

fo determine the number of possible absolute identification» of 
t intensity levels in order to evaluate the usefulness of intensity 
e in an electrical cutaneous communication system. 

Intensity levels presented wore equally spaced in term« of ap- 
parent magnitude of sensation within the range producing vibratory 
sensations but not pain      Subjects could absolutely identify two levels 
without error,   «ith maximum transmission of information being achieved 
with the use of about three level».    More information was transmitted 
when a.c.  was presented at 1500 cpa than at 100 cps. 

CONCLUSIONS 

Two intensity levels would be useful in a communi.atio system 
requiring perfect accuracy, while three levels would maximise tran»- 
mission of information in a system which could tolerate some error. 

RECOMMENDATIONS 

A study should be made of the effect on information transmission 
of extended physical intensity range and immediate knowledge of results. 
Prior to such a study it would be necessary to determine what current 
intensities can be tolerated by the subjects without emotional reactions, 
and the reliability of such tolerance limits. 
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I. 

COMMUNICATION BY ELECTRICAL STIMULATION 
OF THE SKIN.     1.   ABSOLUTE IDENTIFICATION 

OF STIMULUS INTENSITY LEVEL 

INTRODUCTION 

The akin has often been considvrcd a candicUte for coi 
when the need aroae to find a aubatitute for the eye or the ear The 
Braille ayat«m. utiliEing complicated patterns of apatlally arranged 
touch atimuli, has made a vast array of literature available to the blind, 
but long training is required for Its mastery and the delay involved in 
encoding material into Braille severely restricts information trans- 
mission speed. 

Many attempts have been made to train aubjecta to "hear" directly 
via the skin,  but on the whole without much success {4,  8,  and 14).   The 
basic difficulty with these studies has been the failure to appreciate the 
fact that the skin cannot make temporal discriminations as fins aa those 
made by our better known receptors for sound energy,  the ears.   Celdard 
has pointed out,   "No one paused to ask the skin what language it could 
compass.    No one considered what. . . the tongue of the skin      ight be. " 
(S),    One should not assume that the sensory properties of the a'-'- tre 
so similar to those of the ear that nothing more than a little trj-. i 
required to «nabie the immediate interpretation of speech app.., I 
rectly to the skin.    Rather,  the first step is to assess cutaneous tensi- 
tivity to the types of signals likely to prove useful in communica'ion. 
Ge'dard and his co-workers have done so for mechanical vibration. 

A communication system using mechanical vibration of the skin 
was described by Celdard {•>).    Primary cues utilized la the system were 
three Intensities of stimulation,  five loci,  and three stimulus durations. 
Combination of the cues afforded 45 different signals; the 26 letters of 
the alphabet were aasigned to a like number of these signals,   other cue 
combinations were used to stand for the 10 dibits,   with the remaining 
cue combinations available for short words such as "the" or "of. " 
Maximum theoretical speed of this system wits 67 words per minute for 
common prose samples.    Training of subjects with the system demon- 
strated that theae vibratory signals could be used for communication 
purposes. 

An electrical cutaneous communication system analogous to that 
using mechanical vibration would have the advantage of providing a more 
easily controllable source of stimulation,  as well as ease of design of 
the stimulator which rests on the skin.     Electrodes are more easily 
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as change! of intemity of atimulation.    Data on most of thaae conlinua 
have yielded function! which, plotted In log-log coordinate),  may b« 
fitted by a itraight line whoae alope !■ the exponent of a power function 
relating the phyeica'. dimemion to apparent magnitude of the eenaation. 
Thi« is in contraat to the more traditional logarithmic function postulated 
by Fechner.    The alope of the line which beat fitted auch data for intena: 
of electrical etimulation of the akin haa been reported to be 1. 5 by both 
Hawkea (6) and Stevera (13).     Hawkea'  reault» are reproduced in figure 

ity 

"' 100 C.P.S. 

K- I900C.P.S. 

100      »0  200 
CURRENT   IN X OF   RL 

Fig.   1.    Effect of current intenaity on eatimated magnitude of  sen- 
aation for 2 frequenciea of alternating current.   Data from Hawkaa <6), 
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The present «tudy wat designed to determine the number uf current 
intensity level» which could be abaolutely  identified  with   100%  accuracy, 
and the channel capacity lor »uch atimuli.    Knowledge of the number of 
intenaity level*   100%  correctly  identified would be useful in the design of 
an electrical cutaneous communication system requiring perfect accuracy 
with minimal training,   while knowledge of the number of level» which 
achieves maximum transmission of information would be useful in the 
design of a system which could tolerate some error.   The intensity levels 
used in this study we. e equally spaced in terms of apparent   subjective 
magnitude of sensation according to the results shown in Figure  I  at the 
frequencies of stimulation for which data were reported,   100 cps and 
1500 cps.     The possibility of increased information transmission incident 
to use of subjects with a high level of psychological sophistication was 
also investigated. 

II.        EXPERIMENTAL 

A. Subjects 

Twenty-four subjects participated in this experiment.   Eighteen 
of them were enlisted men stationed at the US Army Armor  Center,  Fort 
Knox,  Kentucky,  these subjects had no previous experience in the re- 
porting of sensations elicited by the application  of alternating   current 
stimulation to  the   skin.    This  group wao designated as "naive. "   The 
remaining six subjects were  experimental psychologists of the US Army 
Medical Research Laboratory,   Fort  Knox,   Kentucky.    All members of 
this group had received a Ph. D.   in Psychology,  and had participated in 
many psychological experiment».    This group was designated as "sophisti- 
cated. ■' 

B. Apparatus 

Ablock circuit diagram of the apparatus is shown in Figure 2, page 
6,    The circuit was completed by closing the  switch interposed between 
the oscillator and the electronic »witch.     The electronic  »witch wa» de- 
»igned to turn the signal on and off at rate» of onsit and offset which 
avoided the production of tran»ients.    The General n.adio Type 978-R potenti- 
ometer controlled the amount of current through the »ubject.    Current 
flow wa» computed from the voltage, measured with a Ballantine  Type 
300-D vacuum tube voltmeter, across a 100-ohm resistor in »erie» with 
the «ubject.    Also in series with the subject during the experiment proper 
was a SOO.OOO-ohm  resistor to reduce fluctuation» in the  amount of 
current flow duo to the change» in the »kin resistance of the  subject. 
Stimulus  wave  form  was   monitored  by  a   Du Mont  type   304-A Cathode 
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and intensities i icd i ent. 

jidal for the frequent 

One lead to thi!   lubje^t  waa  attached ta a circular  el-    rode, 
11 mm in diameter,  which  reefed on  the  pad  of the  index  finger  of 
the eubject, the other lead wae attached to a 25 mm diameter circular 
electrode which reated on the palm.    Both electrodes were coated with 
Medcraft Electrode Compound (manufacturrd by Medcraft Electronic 
Corp. ,  Babylon,   N.   Y.), 

Four »ets of etimuli were «elected fnr absolute identification 
of current inteneity. The two-category set consisted of k low intensity 
level,  juat enough higher than the RL1   of the subject to assure that it 

' The abbrevivtion RL will be uaed to ataid for the abaolute threehold 
throughout this study. 

■ 



would always remain above the RL for a aerira of judgment«,  and a high 
intensity level which was below the pain RL for moat of the subjects; 
the values selected were 114% and 197% of the RL currant value.    The 
three-category atimuli were 114%,   170%,  and 197% of the RL; the four- 
category atimuh were 114%.   155%,   180%,   and 197% of the RL; the five- 
category stimuli were  114%,   148%,   170%,   185%,  and 197% of the RL 
current.     All atimuli were equally spaced in terms of equal aubjective 
incrementa of sensation,   according to the reaulta  shown in Figure I. 

Inter-aubject and inter-session differences in current (ma) 
necessary to reach the absolute threshold were too great to permit use 
of the same absolute ■ alues of current throughout the experiment.    Ac- 
cordingly,  the RL for a given subject waa measured for each session, 
and stimulus intensity levels (in ma) selected which had a jfiven ratio 
(in %) to the RL current value. 

Twelve  "naive"   subjects  were   stimulated w.vh a. c.   at a 
frequency  of  100  cps;   12  additional  subjects   received  stimulation at 
1500  cps.    Six  of the   subjects  in  the   1500  cps  group  were  "naive" 
and 6  were  "sophisticated. "   Familiarization with  electrical  stimu- 
lation was  given the   subjects  prior  to the  first  experimental   session 
to  avoid any  undue  emotional  reaction to  stimulation  h/ electrical 

Each subject was given four sessions,  with each different 
session bsing devoted to identification of a number of intensity levels. 
Six of the subjects of the 100 cps group,   3 subjects of the "naive" 1500 
cps group,  and 3 subjects of the "sophisticated" 1500 cps group,  re- 
ceived five intensity levels during the first session,  four levels during 
the second session,  etc. ; the remaining twelve subjects received two 
intensity levels during the first session,  three levels during the second 

After measurement of the subject's RL for a given session, 
he was then presented 100 stimuli for identification,  the stimuli being 
in a different random order for each subject and each session.    The 
instructions were:   "The purpose of this experiment is to determine 
how many levels of electrical intensity can be identified by human subjects. 
You are asked to identify two (or three,  etc. ) levels of intensity by re- 
sponding '1' If you think it was the weak intensity level,  or '2' if you 
think it was the strong intensity level.    Here  is  number   '1' (stimulation 
waa presented),  and here Is number   'Z'; here  is number   '2'  again 
(stimulation was prasanted again),  and here is number '1'. " 



B«for« e«ch »timului preientAtion,   the ■ubjact Wit warned by 
"re*dy, " then the «imulus wa» turned on by the Hontor timer for 0. 5 
nee,  after which the »ubject indicated the number which »hould be aa- 
■ igned to it.    Stimuli were preaented at a rate ol about one every 2. 5 
■ec,  with a abort rest interpolated between atimalu» preeentatlon 
number 50 And number 51.    Seaiiona tended to a verage 30 n 

m.      RESULTS 

Mean value* for the number ofco 
group are plotted in Figure 3. Compar: 
■entedfivecategoriea in the fir at si-aeii 
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Fig.   3.    Mean per cent correct identificationn of current   nteneity 
ieveli.    100 cpe. 

in the firet eeiaion. Par cent correct identificationa for the 1500 cpa 
group «re plotted in Figure 4. Subject groupa compared are "naive. " 
■'•ophieticatod, " thoae preaented five  categoriaa  in the firat aeaaion. 
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•nd thoB« presented two t 
correct identifications toi 

egorie« in the first  letaion.     The nun-bet 
ndividual leaiions may be found in Tablei 

Subj.cl 
Unl.  !. ...... ., U„I. 

10D BJ 
100 

100 

99 

100 

100 

S9 

44 

«0 

t* 

100 
it 

39 
100 SI 
100 

100 
49 

100 SS 

PEB   CrUT  CORBECT    IDFKTirIC*TlOHS   ( 
CUBBEHT    INTENSITY   LEVELS.    1S00   ep. 

Sub]<ct nSr^it« Nu k«( 1     L.T. "            1 
1 S 

S0phi,tiea„d Croup 

13 
100 95 • I 66 

IS 
8? 

100 
94 

■ I «9 
II 

78 

IG 

11 

Nol..   QrM 

100 

100 
• ( 
H 

ai 
61 

tl 

|; 100 

100 

91 

94 

91 

72 9t 

■ 4 

ea 

i' 
100 

100 

1D0 

97 

94 

9S 

14 74 

61 

S4 



The   information  tr* 
.enmity   level»   is   plotted   i 

■ nulled   aa   a   function   of  number   of   In- 
Figure   5   for   the   100   < ;>■   group,    and   i 

2 5- 

2.0- 

/^■THEOHtTICAL   MAXIMUM yCr. 
— *2 LEVELS  IN 

FIRST SESSION 

—OS LEVELS  IN 
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Mean information tranamitted a« a functic 
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Figure  6,   page   12.   for  the   1500  cpa  group     Individual   aubject  data 
«r«  lilted  in  Tablet   3  and 4,   page   13.    Analyaii  of information 
transmitted  v.ai  made  according to  a mod«! daacrlbed by Garner 
«nd Hake   (3).    Even though more  atimulja  information  waa  available 
with   four   or   five   categories,    transmission   of   information   waa   only 
slightly  greater than  waa  reached by the  uae  of only three   levela 
of intenalty. 

A i-test for difference« in the "amount of information transmitted by 
the average obaerver'-O) indicated that there waa no aignificant difference 
between the 100 cpa group which waa presented two Intenalty levela in the firat 
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Table b indicatea that there was no significant difference in "in- 
formation transmitted by the average observer" due to level of sophisti- 
cation of the subjects ("sophisticated" vs.   "naive").    There  was  no 
significant  difference  in  information  transmitted between the 1500 cps 
group which was presented two intensity levels in the first session and 
those presented five intensity levels in the first session.     The   inter- 
action of level of sophistication and order of presentation   also   was not 
significant. 

A t-test was made of the differences between the "amount of in- 
formation transmitted by the average observer" for the 100 cps group 
and the group which received stimulation at 1500 cps.    The  t  value of 
Z. 99 was significant at the . 01  level of confidence,   demonstrating a 
significantly greater amount of information transmitted when the stimu- 
lation was presented at 1500 cps than when 100 cps was used. 

IV. DISCUSSION 

If,  in a given situation,   100% correct performance is necessary 
for communication involving a. c.   stimulation of the skin,  then only two 
levels of intensity should be used.    However,  as Howell (7) has suggested 
in connection with mechanical cutaneous vibration,  it is possible to take 
advantage  of the  fact that  more  information is  transmitted by three 
categories than two if intensity level is combined with other cues to add 
redundancy to a message.    Context might also help to reduce the number 
of incorrect responses due to occasional error If three intensity levels 

14 



were uaed in order to achieve maximum tranamiasion of information. 
E alao poaaible that with proper training aubjecta could identify thre 

levela 100% c ctly. 

Alluiai (1),   in a review of aeveral atudiea in audition and viaion, 
haa painted out that immediate knowledge of reaulta haa been found to 
increaae the amount of information transmitted.    Knowledge of reaulta 
might improve performance aufficiently to permit uae of three intenaity 
levela without error.    Alluiai alao rciewed aeveral inveatigatlona which 
reported a gain in information transmitted aa a reault of extending the 
phyaical range of atimulation.    A wider apacing of the 9 imuli uaed for 
identification might permit the uae of three intenaity levels,   or more, 
without errori being produced thereby,  aa well aa an increaae in infor- 
mation tranamitted.    It ia doubtful,  however,  that with greater apacing 
per ae the channel capacity would be increaaed very greatly,   since little 
increaae was found to reault from aimilar procedures in the atudiea re- 
viewed by Miller (9). 

Although the number of intenaity levela which could be identified 
by the aubjecta of this experiment waa considerably less than the seven 
which might be expected on the basia of Miller's review (9),  the number 
found here was very close to th^t which has been found for a number of 
dimensions using mechanical vibration of the akin,   aa well aa in other 
modalitiea auch as taate (2).     The small number of intensity levela which 
could be identified in thla study compared to the number of identifications 
which can be made of auditory loudneaa,  for example,  might be due tn 
aome extent to the narrow range of phyaical intensitiea of current which 
could be uaed in the preaent experiment,  dictated by the neceaaity of 
avoiding pain aenaationa on moat of the aubjecta uaed.    It haa been sug- 
gested (6),  that the narrow range of physical Intensities which can be 
used Cor  a. c.   atimulation of the akin might be due to a different mode of 
operation of electrical current aa oppoaed to adequate atimuli.    It waa 
poatulated that electrical current operatea directly on the cutaneoua 
nerves,   aa well aa on cutaneoua  receptor». 

Intenaity of atimulation,  if used aa a cue In an electrical cutaneoua 
communication system,   should be presented to aubjecta at a frequency of 
1500 cpa aa opposed to 100 cpa.    Th- "salve" 1500 cps group was not 
different in any apparent way from the 100 cps group,  and there was no 
significant difference in the information tranamitted by the "naive" aubjecta 
aa oppoaed to the "aophiaticatad" aubjecta.    Therefore,  the significantly 
greater transmission of information by the 1500 cpa group must be aa- 
aumed to be due to the uae of a atimulua frequency of 1500 cpa,  rather 
than to differencea between the aubjecta who participated in thia atudy, 
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although lome of the performance differential might be explained on the 
basis of individual differences. 

V.        CONCLUSIONS 

on by   Btirmilation of the skin has potential uaefulnesi 
where the eye and ear are not available,  as in cases of seniory impair- 
ment (the blind-deaf),   when the receiver is in a high noise level situation 
(e. g. ,  near jet aircraft),   or where for secrecy purposes silence must be 
preserved,  and in situations where a "unique" stimulation might be de- 
sirable (e.g.,    as a warning  signa]).    Communication  by mechanical 
vibration of the skin has be(n shown to be feasible,  but electrical currert 
has some advantages as a source of stimulation,   tntenaity of stimulation 
was one of the primary cues in the mechanical vibration system,   three 
such levels being used since it was known that subjects could abaolutely 
identify this number of levels with 100% accuracy. 

The results of the present study indicate that subjects can abso- 
lutely identify two intensity levels of electrical current without error, 
and that maximum transmission of information is achieved with the use 
of only about three levels. Degree of piychologicat sophistication made 
no difference in the amount of information transmitted by the subject»; 
and no difference was found dependent on the number of intensity level» 
presented tor WvntUteatlen in the ««-iit session. 

The use of intensity level as a cue in an electrical cutaneous com- 
munication system requiring perfect accuracy should be restricted to 
two levels, but maximum transmission of information could be achieved 
by the use of three levels in a system which could tolerate some error. 
Stimulation should be presented at a frequency of 1500 cps, rather than 
100 cps, since subjects in this experiment transmitted more information 
when this Iiequcncy was used. 

VI.       RECOMMENDATIONS 

Additional studies should be made of the ability to make absolute 
identifications of current intensity levels using an extended physical in- 
tensity range and with immediate knowledge of results,   these procedure! 
having been reported to result in increased transmission of information 
In other experiments.    Before a study can be made of the influence of 
extended physical range on the amount of information transmitted,  an 
investigation should be made of the tolerance limit of subjects for a. c. 
stimulation of the skin,  the relative reliability of this threshold,   and of 
the possibility of using pain producing stimuli without causing undue 
emotional reaction on the part of the subjects. 
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